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The present 

method and apparatus for ^ shunts 
in the intravascular system^ p^/it^\vgre^t; >;e^els means 
of a positive mechanical ; stru^^ ; 
an outer catheter and other ?|sls^ 
working within said outer rcathetei;; : 
— General . Background 
10 In order to gain a better. understanding of the 

present invention and* its pa^ is 
noted that the heart is diyxided in^ 

or chambers, the two upper: being the left and right atria 
and the two lower being the left right ventricles. 
The atria- are separated ..f rem eaph other by a muscular wall, 
• t the interatrial septum, and the : ventricles by the interventri- 

cular septum. 

Either congenitaliy: or jby .acquisition, abnormal 
openings , holes or shunts can occur between the chancers 
of the heart or the great vessels , (interatrial and interyen- 
tricular septal defects or rVatent; ductus arteriosus and aortico- 
, \. pulmonary window respectively )^ .. causing shunting of blood 

IY * through the opening. The deformity Is usually congenital, 

"* , resulting from a failure of completion of the formation 

of the septum, or wall, between "the two during fetal 

; * , # life when the heart forms from; a p idea tube into a fcur- 
„ /*• chambered, two unit system* . 

• ••• 

t These deformities can carry significant sequelae. 

For example, with an atrial \ septal, defect , blood is shunted 
30 from the left atrium' of tUej.h'eart to? the right, producing an 

over-load of the right heart • / : In .addition to left- to-right 
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v shURts suqha ^ c f ; i^ 

aorta to the- pulmonary artery^ the U^t side of the heart 
has to work harder because"' so^of "the blood which it oumps 
■ will recirculate t*r^-t*e^ xnstead ofgoing out to - 
the rest of . the body . The : ^11 effects of these lesions • - 
usually cause added strait on - the heart with ultimate heart 
failure if not corrected. . ' " ,'1 V.' 

- General Discussion of ;Pridr , ; Art" and Present Invention -. 
Heretofore 'these intracardiac ' or extracardiac 
septal defects have required relatively extensive surgxcal 
techniques for correction: In" 1938 surgeons first seriouslv 
• entered the, field of attapkxng^ congenital heart disease when 
. .Gross , reported the first ig^^bf ^W%^ductus: arterio- . 0 
sus. since that time rapid advances have allowed thoracic 
surgeons to close not bnly^xt^diac/congenital shunts 
but also shunts between the chafers of the heart.' The 
modern era of extracorporeal circulation began in 1953 when 
Glbb0n firSt Closea . atrxal-septai defect, using th e ; hearts 
lung machine. To date the present method of closing intra- 
cardiac shunts, such as atrial-septal defects and vehtricuiar- 
septal defects, entails the relatively drastic technique of 
. open-heart surgery, requiring opening the chest or sternum 
and diverting the blood fro^tg|Sart ^with the use of a " ' " 
cardiopulmonary bypass: The ; hearths : then opened, the defect . 
is sewn shut by direct suturinglwith ^xf/withbut a patch of : "-" 
synthetic material (usually; of^cion: Teflon,: silk, nvlonor ' 
peripardium, , and the heart^iose^ ^ patient is* then taken - 
off the cardiopulmonary by pas s^^ and the chest closed. 

In place of direct suturing, it has teen .suggested 
that closures of dnterauricul^septal ' defects^ could be made by 
means of a double "button" prosthesis, J but open heart surgery ■ 
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; . . was still ^it^.(^;fWm0^^^^ Interauricular 
septal Defects r by .Charl^^^^j^g-aiC ^e .Bulletin . 
Georgetown University, Medical Ceriter: . Vnl . »~ -5.; rp , i37 - 
139, ?eb.- H ar., 1951; ^whifcfa- also cited- Syair «. -Experi^ntaX 
Closure of Interauricular Septal Defects- - sV^osiua of 
Cardiovascular Research/ Kati^^l ihstitutie. of Health,^ 2 1 . 
1950, Washington, D. C. A^diti^nal work with such a button- 
type prothesis in open heart surgery was also apparently done 
by CP. Bailey , M.D.'(see Bailey^fc al, "Correction of Inter- 

10 ventricular Septal Defects L,. Surgery . 136 . 919,. 1952, : and 

Bailey: "Surgery of the Heart,- Lea and Pebigcr. ?hiiadelphia, 
. Pp.. 366, i«5ra«d by ^ 

. Thoracic and Cardiovascular Surgery, University of Baghdad, 



Iraa. 



Thus, prior to the present iny^nt^on , it was only 
possible to repair septal defects or shunts through open- 
heart surgery, involving shunning the blood through an arti- 
ficial oump-oxygenator (heart-lung machine) or a> least 
supplanting the action^ the heart itself (mechanical heart) 
while the heart is being repaired. Moreover, although ex- 
cellent results have been obtafped on single septal defects 
by open-heart surgery., there is great risk in open-heart *' • 
surgery in patients whose heart^uscles have been under 
' grea£ strain for long periodV^iUe,. . V 
In contrast to .^e .ke^^^ 
of open-heart surgery, the Wyste^f the present invention \ 
closes off septal defects 6r shunts^ without tAe need of . 
general anesthesia or opening' pf}the chest. . Instead the 
operative techniques employed; in ? the present invention re- 
qu,re only a small incision overva vein in the groin or 
neck under only local anesthesia, such as is carried out for . 
nany routine- cardiac ' catheterizations . \ - 



Moreover, ^:^^^/i^0^^^'<oi:t^ : y^A, iw^otim 
alloy's a cardiologist to close a septal defect at tie tiraa of diaciostic 
carfiac cathaterizati^/if ;des^i| 

the other catheter usee in the present inveatxai, this wsaM -Je irost 
reasonably cameo cut after the age of "4 to 5 years. 

In addition to a far supers, less drastic surgical procedure 
the. present invention achieves, this by means of a unique, permanent ca- 
theter/closure systen utilizing structure 
formed by relatively inexpensive, positiw iak:>anical elensnts vhich are 
relatively sunple and reliable in structure an3 aade of readily avail- 
able and- prdven.nsterials. - In the. ^ei^>e!£odiaent. of the present . 
ihventicn the catheter/closure structure .^ either a single ex- 
pansible umhrella-liJce elenent or! an' opposed paif. of expendible 
brella-lite elements, depending on the location of the septal defect. 

It is noted that the tem'.-citheter- as used herein refers to 
an instrument, generally tubular in shaDe/ vSieh is inserted into a 
body cavity, naturally or surgic^y^opaned; 

theters have been developed in tie p^^itber,far experimental re- 
search porposes or clinical application. y : ..^M±iiH^^ eatb^bet ^ 
one that.is used for partial occlusion of ^ inferior vena cava to 
prevent pulmonary embolization, ^.catheter has been described in a. 
publication by Drs. Kazi i^iiiHjadin ^ Jai^ R. Jude in an article 
entitled "A Ke^.Catheter Technique of Iht^ption of the Inferior Vena 
Cava for Prevention of Pulmonary Bsbolisc" , Bis American Surgeo n, Vol- 
ume 35, page 889, December 1969. See also U. s: Patent No. 3,540,431 
to Dr. Kazi Mobin-Ufdin issued Nwenbsr, 17, 1970. A similar catheter 
technique, but using a balloon obstrtx^idn instead of an umbrella type 
obstruction, .is disclosed in .the article "Experimental Balloon, 
of the Inferior Venal Cava" 
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by Hunter et al, Ann als( b£> Sur qery_ >y. Vol> >1 7 j , r : Ko , 3> Pp. - 315- ... 

320, February 1970, ^ ' - . 

Additionally ; 'in 'ex^f^ehtal work !pCT£orined by 
one of the co-inventors himsieif : } ^Vctediw""pa^eter with 

an inflatable disc balloon for interim closure of left- to- 
right shunts through the ye^ .This 
catheter has been described: '^vpi^iTqatipii'. by.*;pr'. Noel 
L. Mills. et al in an article entitled -Balloon Closure of 
of Ventricular Septal Defect?, q Supplement I to Circulation , 
Vols. XLIV, page 1-111, May 19 71 -i -See also the article 
by Dr. Harold King et al entitled; > Surgical.. 
Repair of Ventricular Septal. Defects n ,- . SURGERY , Vol . 34 , 
pp. 1100 -.1116, December, - - i 53"v \ ^ : " : '. ~ "\ ' ■■ 

Diverse examples of /other- expand ible and/or 
umbrella-like elements generally used dn other types of 
surgical applications are found ; in tfte , following U.S. patents ; 
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Patent No. Inventor (s ) 
2,493,325 J. H. Trinder : 



~ :;.Title : 



2,799,273 

3,334,629 



3,592,184 
3,671,979 



.V. J. Oddo 
B> D. Conn 



3,397,693 G. C. Kohl 



David H. Watkins; 
Erwin J. Klink . 

Spyridon . 



"Tampon For Control 
..of Intractable Nasal 
; Hemorrhages * • 

%g Haemos t a t ic Cathe te r f 

• ...v.Occulsiye Device - 
;~ Fbr : Inferior Vena 

";^..Gaya a . ■ •. 

"Retaining Catheter 
f Having Resiliently 
VV; "Biased Wing Flanges" 

"Heart Assist Method 
..And'. Catheter " 

^"Catheter Mounted 
Artificial. Heart 
Valve For. Imp Ian t - 
ing In Close Prox- 
imity To A Defec- 
tive Natural Heart 
Valve".. 



Issue Date 
1/30/50 V 

7/16/57 
8/8/6T 

8/20/68 . 

7/13/71 
6/27/72 
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reaching invention. 

The Present invent^ ln lts earlier 
has fceen .xper^l, te. t ei ^ dogs vith SUCC6CS as 
deSCrifaGd in ^ " ticle Operative CW. f « tr Li 
Se ?C ,X Defect,.; * the in^^Webf which appeared in , 
the March, 1974. issue of Surgery* <Vn, 75 No - 

388J. With the further deveioorieht vork a nn i V 

f???*:^** WH». later eabodinents 
*s described .herein* the shunt defect clo-nr* « . ~ 

uci^cc closure system of. the 
Present invention is expected fee aonli^ • k 

~ »e app.aed co huaan patients 

tne . very near future. ■ ,' ; :': U. V''.. ' 
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Brief Description of the^lfrrawinqV ,' : * ~ " , 

For a further |:und^ oh- .. 

jects of the present inventioitf ^ had . to the 

following detailed descripti^ 

accompanying drawings, in which like parts are given like - 
reference numerals and wherein: 

. Figure 1A is* a schematic illustration of the heart, 
partially cut away, showing ^ ■t^eiappii : 
the present invention closing off in atrial septal defect with 
10 two of the catheter operative elements of the catheter /closure 
system of the present invention be irig withdrawn; while 

Figure IB is similar .^•^^perspec.tive^'to-'Pigure' ' 
. 1A showing a typical atrial septal defect (ASD) prior to the 
application of the present, invention. : 

Figure 1G is a perspective view of the left and right 
umbrella-like closure elements used for an ASD in their open 
or erected positions, r 

Figure 2A is a side^ 
. closure element of the ^ present^invientipn in its collapsed position 
20 with the inner, central sliding.} sleeve shown partially in 
phantom lines; while - : [ : 'fy£^\ :-. • v 

Figures 2B and 2C axe side, : cross- sectional and end 
views, respectively, of the inner j\ centra 1 hub of the 1 left . 
umbrella-like closure element of figure 2A. 

. Figure 3A is a side: .view of the 'right umbrella-like 
» closure element, of the present/;; invent ion in its collapsed 

• position with the inner, cehtxai^ slicing sleeve shown par- 
tially in phantom lines; while ^; . [■ « 1 

Figures 3B and 3C are; side", cross-sectional and 
30 end views, respectively,, of the: inner , central .sliding sleeve 
of the right umbrella-like closure element of " Figure 3A. 
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Figure 4 is a sidevitew of a typical 5 strut element 
used in the left and right umbVella-like closure elemehts of ' 
the present invention. 

Figure 5 is a perspective view of three of the 
catheter operative elements, concentrically assembled to- 
gether, which are used, in the ieUod of the present in- 
vention. ." '.. -. ■ ' -vvfe- h'Vvr' . ■ '• ' - "• 

:' Figure 6 is a ■ •^VrS^tj^ye^y^, p^ tlal ^ 
cut away, of the catheter- opera^W elements with the left 
umbrella-like closure element attached to the central one 
with the struts thereof partialiy^opened , portions of the 
umbrella-like element, particularly the covering material , 
not being illustrated for/si^icity purposes- while 

Figure 7 is similar- to Figure 6 with the exception 
of showing the right umbrella-like closure element being 
affixed to the central one of the catheter operative elements 
and showing an additional operative element, a control disc, 
positioned of the proximal end ^ the central catheter opera- [ 
tive element. . 

• -.Figure^ -is* •W^V^««*i^tlW 
element used in the method of ^present invention to. initially 
close the- umbrella-like elements :prior to their insertion 
into the outer catheter operative" element. 

Figures 9A through 9K are side, schematic views 
of the inner heart structure illustrating the sequential 
steps of the method of the present invention as being applied 
to the closing of *r. atrial septal defect (ASD)"; while 

W V- "'A and lOB are right and left end views , 
respectively , ,:ne umbrella-iike closure elements of the . 
present, inventiba after being applied and locked together 
to close off the atrial septal defect. . 
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Figure 11 is. a si<3<Sy;:P^ of the * 

central hub and. sleeve ^sti^&rif « the) left • and- right 
umbrella-like closure elements; ideked together in a sale- 
female relationship. /■■V.' : 'v 4 "* : 

Pi^ures 12A £Oid 123: ^ 
side, perspective views, raspec^vely, of two other structures 
allowing two other alternative ciethods of ; opening or erecting 
the umbrella-like structure ipf *^e^ rl|fht. uairella-iiXe closure 



element. 



Figure 13A is a schematic, illustration of the heart,, 
partially cut away , showing .: : t3ie applied, closure structure 
of the present invention, closirig of f. a ventricular septal 
defect with an alternate reetho^^tilizing a single umbrel la- 
like element being used whiie 'v; : 

Figure 1 3D is sitniiar;[iri perspective to Figure 
13A showing a typical ventricular septal defect (VSO) prior 
to the application of the present' invention. 

Figure 13C is a perspective view of the single., 
umbrella-like closure element used for a VSD in its open 
or erected position; while 

Figure 13D is a- side view of the special obturator 
wire used in the alternative single i)mabrella technique. 

Figure 14A is a schematic illustration of the 
heart, partially cut away, showing, the applied closure 
structure of the present invention. closing of f a patent 
ductus arteriosus (PDA) using a modified right or second 
umbrella-like closure element with the final catheter operative 
element of the catheter/closure system of the preseht invention 
ready to be withdrawn; while 

Figure 14B is similar in perspective to Figure 
14A showing a typical patent, ductus arteriosus (PDA) prior 
to the application of the present invention. . 



Figure 14C is\& perspective, view; of.the modified 
left and right or first find -'s^tid^^reiia^ilke closure 
elements used for a PDA in f their" open or Erected positions. 

Figure 15A is a side view of a second basic 
embodiment of the right, umbreila-^ element of. the present 
invention shown mounted on . the: obturator wire prior to its 
being applied to the shunt) while y : \ ' 

Figure 15B is .-.a. side; view of "the . embodiment of 
Figure 15A as it is being applied to the shunt and being 
pushed to its locking posit ion;' With the left umbrella-like 
element; while 

Figure 15C is a close-up , side view cf the central 
portions of the umbrella-like closure elements in their final 
locked position. • f 

Figures 16A and 16B .are frontal i.views of the under « 
side and topside respectively, of the most recent embodiment 
of the left umbrella-like closure element of the present 
invention in its open position for closing an ASD; while 

Figures 17A and 17B ar^ -frontal views of the 
underside and topside, respectively, of the most recent 
embodiment of the right umbrella ^ like closure element in its 
open position used with the left unbrella-like closure elemen 
of Figures 16A and 16B. • 

Figure 18 is a side view of the proximal ends of the 
catheter operative elements used with the closure elements 
of Figures 16 and 17; and 

Figure 19 is a side view of the distal ends of the 
catheter operative elements of Figure 18 without the umbrella- 
like closure elements attached; while 



Figure 20 is a side yiey again of their distal ends 
as in Figure 19 but »/ith the ^eit^aiui right unbrella-like 
closure elements attac'hed and .in>their open positions located 
as they would be on opposite sides, of; the septum (not . illustrated) 
and prior to being pushed and locked together. 
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Closure Sti^fst^ ; 
The , closure st^cture . of ; the present: - invention 
must be ; expandible, fulfilling i^th^'^special-, req^reoent; of 
oeing a structure whxch has a first, smaller physical form 
while it is. being inserted;. through. 7a; blood, vessel and quite 
a different, second, larger. ^ 

location closing and covering; the septal defect or shunt. 
Additionally it must meet the -several stringent mechanical 
requirements placed upon it, must reliably open at the desired 
time and place, and must effect a suitable tight closure 
of the defect or, shunt in the heart system for a long period 
of time without any deterioration and without producing 
any unwanted side-effects eitiler. on tissue or blood. Many 
machanical systems are conceivable to meet tjiese requirements 
and a most suitable one has been developed and tested and 
comprises the preferred structural; embodiment of ^ the present 
invention, which will now for purposes, of illustration 
and disclosure only be described; in detail. 

The disclosure structure of the preferred embodiment 
of the present, invention, as illustrated in Figures 1C, 
2 and 3 comprises a pair, of opposed, uisb re 11 a-I ike elements 
8, 9, a first element 8 having; a central r /tapered hub 84 
and a second element 9 ha vinga. central , sliding sleeve 94.. 

The two umbrella-like closure elements 8, 9 of 
the preferred embodiment of the present invention have for 
example six material supporting struts 81, 91, respectively, 
each (note Figure 4). Each strut 81/ 91 has for example a 
length of 5.35mm,, with a six ty : degree angle between the 
struts 81, 91. The struts .81, 91 are made of a radiopaque 



» ..v-w^^xxy ^ej»xjLj.cj ror example stainless - 
steel, which have at the^dis^ai^s thereof small projections 
or. barbs 83. 93, respecti^l^bf "fpr example 0.2 nun. length, \ 
which allow anchoring of blbs^re elements 8, 9 into 
the septum. Three holeV are provided along the length of - 
the struts 81/ 91 - hinge; holes, 86', 96 tie eyes 87a, 
97a for raising or lowering the struts 81, 91 by means of 
ties or lines 7; and sutu±6? eyes 87b, 97b for attaching 
the umbrella material 82> .92^ the ^struts 81 , 91, The 
tie holes 87a, 97a are of Sufficient size. to allow the ties 
7 to slide easily through, th^n/ .. / 

The struts 81, 91 ate attached to the umbrella- 
like closure elements 8. 9 through a central hub 84 and a sliding 
sleeve 94, respectively, made of for example stainless steel. 
The surfaces of the hub 84 and the sleeve 94 are grooved 
(note Figures 2C and 3C) in such a manner to allow the struts 
81, 91, respectively, to lie superficially in their surfaces 
without adding to the exierior. bulk of the umbrella-like struc- 
tures. The struts 81, 91 aremoyably attached to the hub 84 
and sleeve 94 by hinge ring elements 86 , 96 /respectively , and 
there are included ring-like strut keepers 67, 97, respectively, 
to prevent the struts 81, 9 1 from opening respectively, beyond 
ninety degrees. Bach umbrella-like element 8, 9 is of small 
enough size to allow it to be placed within the outer, thin 
wall catheter 1 within which it is transported during applica- 
tion, as described more fully below. 

Thin Dacron, Teflon,, nylon /silastic /pericardium 
or silk, for example, routinely used to close intercardiac 
defects in open-heart surgery, can be used for the umbrella 
sheet material 82, 92, although Dacron and. silk are considered 
preferable. The material 82, 92 should be pliable and of 



sufficient strength :i^^»ktiy^cy w, .to bpen and close smoothly. 
Although the umbrella .raaterrai^8^ 

tween the stnits .81/ 9^ that 

instead it be stretched . or . extended, flat : :cver the ; struts . It. 

thus retains a certain aabunt^ _of^ resiliency. which further aids in 

opening the umbrellas, 8 Trie rateriai; 132 92 is anchored 

centrally on the hub S*| " and ^tJife : 8l£dihg.. sleeve ". 94 , respectively 

between the main body thereof , aha the strut . keepers of 87, 
97, respectively. Additio^ily small holes 87b, 97b are 
made in the struts 81 $1 so ' Vthat , for example, TV cron sutures. 
87b 1 , 97b 1 can be used to secure the urabrella material 82, 
92, respectively > dis^liy . upon struts 81, 91. Addition^ly, 

supplemental sutur^ ;37a> can be used if desired to further : 
secure sha xaate ial 82 , as the eyes 87a have not been found to 
be otherwise necessary.; v': - 

, The sliding sleeve 94 and the distal hub 84 are 
designed to lock securely together "in opposed, facing relation- 
ship by means cf an internal, central, jaale- female mechanise 
(note particularly Figure ^i) . : A topical structure for * 
achieving this is illustrated particularly in figure 11 
with supplemantal reference to Figures 2B and 3B. The hub 
84 includes a male member 84* projecting inwardly and having 
a locking plateau SS on its outer surface, .. This Kates with 
the female cavity fonsed within ttV inner portion 94 1 of 
the sleeve 94. The female cavity also includes a locking 
groove 95 for mating with the plateau 85. . 

The . total external diaiseter of the hub 64 is for 
ev^nple 3.3 nua. , and it has been engineered with grooves 
89 so th«jt the struts. 81 are recessed within the surf :xco and 
do not occupy any additional space within .the outer c^hct*;- 
i. The Mob a-5 is tapered slightly to abounded, bullet- 
i.h.ipe configuration at the distal end to a dianieter oi for 
uxastnlc' approximately 0<075. nsu The oroxLmal' er.<5 of the- hub 34 
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is relatively blunt aid. has a <**M 

with the threaded end 31 of 'i; <3esciSb^ to fully 

b&lcw. Ite hub 84 can be for" 

.Although, it has rot h^:f6i^:^.^± KS x^^;\t3^ central 
sliding sleeve 94 of the- right uatexOXk;*: a flared or coni- 

cal distal end in order to center it au^tically: with respect to the 
hub project ion 34' as a prelude to slidijjg up ever it. aid aldag it to 
the locked position. The bore 90 of fright .sleeve 94 is considerably 
larger than the dinreter of the ctoirktcr guide vire 3/ described below, 
to allow for free iibyeinsnt thereon. 

The operative eienents of the closure catheter system of 
the preferred embodiment of the present Mention coiprise several parts: 
an outer catheter 1; an inner, locking catfeter 2; an obturator guide 
sire 3; a loading cone 4; a. rranip^ting : ^-piece 5; and a tie retract- 
ing and control disc 6 with a series bt i^iipalatiiig ties 7 .Note par- 
ticularly Figures 5, 7, 8 and 9J. : • , 

The outer, thin wall catheter- 1 for exarole a. #24 French 
size, is of sufficient length (for ©^mple 80-105 cm.) to allow its. 
manipulation into the heart area. The outer catheter 1 can besnads frcro 
thin .vail, woven Dacron or preferably polyvinyl material and has a 
gentle curve at. the cardiac end to allow . ^VRBnipulation through a 
septal defect in the cardiac area* ... 

As shown in Figure 5, inside- the outer, thin wall cathoter 
1 is a second, radiopaque, inner catheter 2 which could be for exanple ' 
a =5 French size catheter of polyvinyl. It should be of sufficient 
length (for example 90-110 cm.) to protrude f ran .the proximal end of 
the outer catheter 1 and has a rounded , cone-shaped distal hub 21 
(note Figure 9C) . The inner catheter 2 should be of a size to be cuite 
mobile through the outer catheter 1. 
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the distal end 31 of the obturator wire 3 and in its open 
or partially opened positi^^Mrsfc inserted through the 
loading cone 4 which leads into the outer catheter. 1. The 
cone 4 serves to close the umbrellas: Bj 9 making them of 
a smai: enough size for insertion into the outer catheter 1, 

The distance across?; the total closure structure 
from hub tip to sleeve Up (note figure <&) once locked 
. in place is only approximat^^s^ma / , elements -can be.; ' .. 
• produced in . diameter/size^bffioi: exampie^O^;:;^ ^.:, 
y 20 nrai ' 25 m -\ 30. mau; an^;:35^:: asdesired or needed/' " 
Thus, an effective and reliable embodiment is 
provided for a typical closure; structure and associated 
operative elements. Of course many, other structures are 
possible, the variations being practically limitless. For 
example, rather than dual, opposed umbrellas, a single 
umbrella could be used as described more fully below 
with respect to the repair of a ventric^ar septal defect. 

Additionally the means, bf expanding or opening • 
the umbrella .can ' be e^^^f^^jf^ generally' 
shown in Figure 12A the struts. ML » off the right umbrella 
can be machanically. forced open by appropriate shoulder and 
. flange elements. 97- as 'ihe- g^ig^L* pasted- and locked ' 
.: into the hub 8.4. Alternatively^ generaiiy illustrated in 
' Figure 12B, the. struts ^S^^^^^/.^^i^ieat, ; \\" 
flexible material so that the^ umbrella will inherently" or 
automatical ly open once it emerges from the outer catheter 
(note the movement of the phantom. lined strut); ■ , 

An additional, very effective; -exemplary embodir - • 



ment of the right umbrella; ijjV shown in Figures 15A-C in 
which the necessity of a tie. wire .system.: is eliminated: 
The umbrella 209 is similar in general structure to the 
right umbrella 9 except tha^in ! place of the tie wire 
system there is included. a set 'of elevating struts 291' 
hingedly attached between the regular umbrella struts 291 
and the elevating, sleeve 294^ As shown in Figure 15B. as 
the elevating sleeve 294> comes into contact with the hub , 
84, the umbrella becomes erected under the continuing 
pressure of the inner catheter 2, until it is locked into 
place as shown in Figure 15C.- : 

Finally, although an umbrella-type structure 
is thought to be Particularly effective,' other expansion 
systems, i.e., the elements which initially have a rela- 
tively small size, for insertion and positioning and which 
then expand to a relatively large size when in place, are 
possible and likewise hearly^initless, For- example, in 
Place of the umbrella elements, a balloon (s) or other inflat 
able structure(s) could be used,' V ; : " 



W»rposes- of \ii&&&^'-^& 9 £x oa ^ 
purposes only, the method o^^i^a^^ ^: p ^^ '." ' 
invention will now be de^crioed^: detail with respect to ' ' 
the closing of an atrial septal Wfect (ASD) with particu- 
lar reference to Figures lA^G j and 9A-K . 

in order to -gain access to the heart, an incision 
is made in either the right or^ left; groin under local anesthe^a, 
and the femoral vein isolated, ; standard catherization technics, 
are then utilized to confirm the presence of the ASDsuch .... 
as the one. shown in Figure l^ :o„ce confirmed, sizing of . 
the ASD is- then achieved by means of special but standard 
balloon catheters , and the appropriate size of umbrella- 
like closure elements 8, 9 are selected. 

The initial closing/catheter ^assembly (note. Figure S) , 
i.e; elements 1, 2 and 3, the latter having the ' left umbrella 
8 attached to its threaded end is then inserted via the femoral 
vein into the heart under continuous :.f lourpscopic control into 
.the right atrium. With further advancing of the catheter . ass- 
embly, it is placed in the left .atrium {note Figure 9A) , ■■' 

•By manipulating the obturator wire 3, ; the distal * 
hub 84 carrying the collapsed left umbrella 8 is advanced 
beyond the outer, thin wall catheter 1 into the left atrium . 
(Figure 9B). Once the lef t upbrella 8 is pushed beyond 
the °f the outer, thin wall catheter 1, the umbrella 
8 is initially unfolded by pushing -the inner catheter 2 " . • 

against the struts 81 and hold ingest the obturator wire 
3 {Fiqure 9C) ' landing the umbrella out in. excess of the 
diameter of the outer, catheter i. 
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Then by pulling ; ^ent^\bn -tiie bbi^atbr wire 3 . 
the umbrella 8. is pulled a^axnst the distal end; 11 of the ' 
outer catheter 1, opening 'the uaobrella fi to its full ninety 
degree position {Figure 90) I The outer catheter 1 is then 
pulled back- into the right ;atria\ ^hd the : : uireiia ■ 8 pulled 
snugly against the left atrial .septum, with the distal 
... barbs 83 being anchored against the septum {Figure 9£)., 

' Once the left umbrelXa 8 is Vf irW.y fixed,, the " 
inner catheter 2 is withdrawn and removed and the right 
10 umbrella S slid unto the obturator wire 3 and loaded into 

the outer catheter 1 with ..the f! ret ^z'action ties 7 and retracting 
ties 7* in place on. the struts 91 and sleeve 94, respectively* 
and the disc 6 (nee Figure 7} f The collapsed right uiabrella 
9 is then pushed through aiwi -outV ^ 1 by 

nieans of the inner catheter \2 ;intp the ^right atriuxt and ; 
positioned just superior to the ^ infer ibr vena cava and . right 
atrial junction (Figure 9F) At this point the outer catheter 
1 is withdrawn, to allow the\.right^ui^reiia ? to lie freely 
upon the obturator guide, wire v3; : within the body of the right 
atrium.. ; :\ . :'-.vk^:" \ • .* ■■ 

* As the inner, catheter 2 is advanced and . traction : 7 

maintained on the elevating ties: 7 '. and on the retracting . * 

sutures or ties 7' # the right umbrella 9 is opened; (Figure 
; 9G) and. pushed snugly against '/^e/.ihte'r-atria-l/.septua 'by 

weans of the inner. catheter 2.. r - : By fluoroscopic monitoring, 
, it: can be determined that all six struts 91 are at right 

angles . The inner catheter i. is. pushed further forward,, ' 
forcing the sliding sleeve; 94 of the right' umbrella 9 to 
sii.de onto the lef t usabrella hub' 84 , .locking the two together 
30 (Figure 9H) . A clicking sensation is felt through the obturator 
wire 3, and . a . click can be heard as the umbrellas 8, 9 are . 
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locked Mto na<x _ . . 

once a. ^ r . iw 8 , to MMre S ^""v- ■ . 

. J can be,.unscrewea from - • 
. using the ^^.. ^V-^T -• 
, ■<**• 3. thus ie.*i n . ,„ „, >- ■ ~ °- "•- »cu«cor 

_ gtft 1S/; the ;0 u^r. thin Wall catheter , '' 

Withdrawn from the bbdj^: ' "^ ^ V c ^te ly ,. 

Following installation of th* „. 
• ve„„ ua cethefe ^ " ' OS " r - . 

; e^oW. ^cSl"^^ - — ^ 

After co.pl.Uce of th 0 operation ' „ 
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d — °ed in ^eSSf ^.^^ Will now be. . H 

septal defect (VSD) with ^ U : ■ • f - 

figures 13 A -c. : ' ******** reference to 1 

• - ^ order to ^ ^ to the heart • ' P 

• • ra ade in the riqht >i^' eart ' ^ Vision. 

n 9nt neck oyer the externa • "r 

»S»«tl y NSS6d into the ri9ht . ' • lnt ° t6e •« 

»• Proper sue ikr.U, s . .,„,, . 

is P«Ued snugly apain ^ ' • " . The °P«ned umbrella 8- 

against tne left, side of ^ • 
,---- C e nttotheventricuiar ^ 

The outer and inner- catheters are th- " ' 
^dy , l eaving the obturator ^ . the " — ved frp , ^ 

— e d over the guide wire 3 W \ " ^ ^ ^ ^ 

3 and subsequent into the ^ : 
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=o on tirely cove, ^ ^,^ e wire ,/ « | 

' ^ maintaining general pressur e on tJie guioe vi • 
lnterVentricul « «Ptu» and thus closes the • fc 

Pressure systeaf vhic , is g 4 — ^ -internal 

90 : ™: a : the ieft ^ tricie 

. ^^ VSD, closing it off. 

cue o*. at material 3 : "* ^ — 3. are 

; :: o f the right neck within the juguiar • 

^ rr 18 ciosed - « e ^ ofthe 

0 over the su^ent IS ninutes by fluoroscooy 

tic. of t / he " antiC6 ~ *** to the install 

° f the utricular closing umbrella aid i. ■ 
anticoagulation th. ^oorella ana is maintained on 

9 therapy for several, weeks, " After about six 

to e lgnt weeks and the ^reila 8' h a , 

uuujrexia 8 has been endothelial i 
incision 4-s again made over Hip • iUei " an 

serial 3- and S Silas ^ 

~ " ^ - ~" » and- Silastic 6l . 

"""" " 13 ' and with fche use of fche nm . ^ . 

— 1 - - «- ~r wire 3, the litter " 

-screwed and removed from within the heatt an d 

Silastic material 3- is of SyS ^' 

-h the guide wire 3 an fc f C ° UrSe ~— — eo Usly 

Ttes, the ventricular septal defect i, ,-> . 
- - o„, y . singla ^ ^ " "ta- v,t„ the 

-a witn the Silastic material ' fn . 
dotting and embclisation. - " 



*> close , pate*^, „ t 

lo„ ger distance between the left an* 

- — - - ~i:r::::i: i r 

-re usea in place of the left W • u 

,. ho - ^ right "abrella elements 8 9 

'he mam modif i M n n „ ' 9 " 

1Cacion is to extend further ou «. «-x 
the aortic umbrella 108 . , * 10216 — ° f 

108 or alternatively the female ^ 10J 
illustrated in Figure . . " Cer l '* 

, . • ' 0fc herwise the structu-e of th* 

omorelias 108, l 09 can be identical to tha* di - 

above with respec- . Q the • , dlSCi ° SSd " det "l 

v-pec. w0 the umbrellas 8,9. 

Finally, it is noted that in , ■ 
use -hP ^ advantageous to 

se the closure structures of th. 

PreSent inVention -en when 
P " neart s »rgery is. necessary as f„ r -. 
of snail h,- • -example in the case 

oa, Aes . ln such cases . f . th s 

' Pr " ent — —^ough the open heart 

the LI USUal ? — ^ ~ -ring of 

the shunt as practiced in the prior art. 



- latest septal Defect Closure System - • 

The first described embodiment of the „ 
elements and the cathe, ° SU ^ 

catheter operative elements and its ffeth * 

i C - i, CaXl Wlth r «Pect to Figures 

- U were initi^ deveXoped and 

**' With — - —her development WO r h 
the embodiment of Figures ^ ^ * * ^ 

^PPUed to human V*^ ^ ^ ' ^ ^ 

^ Cilts the verv nMr-f.,* 

no. u aes„ lbed in dit , u ; " f " 1 "" - 

As shown in Figures 16A n B and 17a t n * 
> l«£t „„„ 306 and , tW ■ ° ^--...Lnnsnns, 

■ ' 39 iW respectively 

and as iUustratj ^* "* U1 °" 

s.ane nnd , """ Uly i " «• 

e n ^ „ t „ isted M 

steel. Th« cnrf „ * s-m.w^ss 

rfaC6S ° f £he "4 and the sleeve ^ - r . 
9-oved to .old the struts 381, .391. 

As noted above, thin o^on ■ 

pericardii or . si > k =Q ' ^ *' ^ 
' " or **a«Pie; can be 

' °" »- — n.a.aniai 3 S2 , ,„ ^ 

to the struts 3«i * 1S a " u ^ 

ruts 351 - -31, . respectively. 

Th e slidinc sleeve tea , , 

■- 49nea to securely toa^-^ - 

reW . y together xn opposed, fact- 

re.utionsntp by neans of .„ inter^l 

^ internal, centra,, ^1,.^,,, 

a * Ascribed above wi*H 

>oo/e with respect to the -re 

era^odinse-nts {note for e vw ^ 

ior example Fxqure ' ; \ 



spring oat ute tbeyarem lomet ' ' ' 

^^^.U^^-^i^^ ; ^ •: . ... :t 

■: * bef ore with res^to the of Pigure ^ 

eiatents of Ficures 16 and - :V '- " " ''" • * : : ' 

. «*« 3.1. ... „ ri8fc£ ^ ^ M2 _ ^ ' . ; : 

« ofctotor wire 3(0. ^.^i^i^.^ ... .yj, 

-« «. or * „„„, ^ ^ ^ ^ tejn>1 — . . 

portion 321 {in place of the distal hih 

ne oastalhub 24 of onner catheter .2} which 
mates with a slTi\iarly thraadm <Wii«. . - 

i ; threaaea .enale orxrace in the sliding sleere 394, 

v«ich allows positive, detachatly f ^ ^ . ' 

l^ ele^ 30S on the erf of the. ^ca^. 302^ the ^1 ' 

end of 302, th^ £^^ a . ^^^^ . ; . . - y^ 

^™^tsthep^^ 

-to the catheter -301 and ^the ir^r catheter 302 to he " ' " \ 

«sily nanipiU taa for the twisting, -p^g ^ ^ ^ /. - ' 
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" ; As be f pre / • ti)^ '^ef jt; ; ik6^11a-like element 30S is .• 
detachably fl xed by thrf*§M. ^gagenent to the threaded portion 
331 on the distal end of the obturator wire 303. As illustrated 
in Figure 19, the terminal distal section of the" obturator wire 
301 can include a built-up portion 301* for strengthening purpos 
The method of application of the* embodiment of Figures 
16-20 is similar to that disclosed with respect to Figures 
9A - 9K except that the closed umbrella-like closure elements 
308, 309. fastened to the distal ends of the obturator wire 303 
and the inner catheter 302, respectively, are both initially 
placed in line in the distal capsule 310, The loaded capsule 31 
then is inserted through : ^bc^y^ in juxtepbsition t P the 
septal defect in the position - analbgous to that shown in 
Figure 9A. The left closure" element 308 'is pushed out of the 
capsule 310 until it is clear thereof, at which point the 
struts 381 automatically op^; under the spring action of the • 
resilient ring 387. The outer catheter 301 is then pulled 
back into the right atrii, ai^d ;the open closure, element 308 
gently pulled snugly agalns^the left atrium septum (analogous 
to the 'action illustrated in' • Figure 9E)v . - : . .' ' 

Once the left, closure element 308 is firmly in positio 
the right closure element: ^ ao^ by >ans of the inner, catheter 302 
is. moved out of the distal ^ capsule 310 until it is clear. thereof 
at which point the struts 391 automatically .open under the 
spring action of the resilient ring 397. The inner catheter 302 
with the open right closure-. element 309 on the . end thereof is" 
pushed further forward, riding over the obturator wire 303 and : 
forcing the sliding, sleeve 39^ of the right. closure element- 309.; 
to slide onto the- left closured • element hub :384, locking the two'- 
together (analogous to the actibn illustrated in Figure 9H) . 
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Once the unibrellaT^ 
the obturator wire 301 airi ^ frara 
them and, with the outer cathetet 301v. : o^letely i&Q&ram frens' the body, 
lb . insure that the closure dea^8/'3'te^^3(9. are secsirely locked, the in- 
ner catheter 302 is ymscre*^ i&&tt*}^-t& usbrella-lite str\2ctures 
308, 309 moved tc-and-fro ty rieans^ aiid the ac- 

tion viewed 3^ flourpspopy. . ! * : _ . 

C -her than the c^f erences in : ^rii^ure and liethod outlined 
above, the. two erribedirrents are at Jleast generally the ssne and reference 
is had to the irore detailed descrifcxeirjn of the eiaxament of Figures lC-H 
for further .detailed VMerstarriingVof^ of Figures 16-20. 

-Thus atrial septal defects ^i^ure 1} and in similar -fashion 
ventricular septal defects. t?igure\i^':a^'; great vessel shunts (Figure 14 ) 
are closed by non-invasive technic^jes. . closure catheter systsn of the 
present invention is efficient and ^ j_s saife. 

Fran past experience with cardiac surgery, stainless steel, par- 
ticularly of the 300 series, v&ich is the preferred materials fcr aU struc- 
tural parts regaining in the heart, airi materials such as Dacron, Teflon, 
nylon, percarditsn, Silastic an£ silk can be permanently inserted within the 
heart and tolerated without adverse effects. It is estiiratad that the 
heart will endothelialize the closure elements within six to eight weeks as 
occurs after standard shunt closures using cpen-heart suraery. 

Because rany varying ana efferent enbodij^iits rray be made with- 
in the scope of the Lnyentive concept terein. taught, and because cany nodi- 
licatior.s ray he race in the enbodiments herein detailed in accordance .with 
the descriptive requirements of the lair, it is to be i^uerstood that the de- 
tails i^erein are to be interpreted as '.illustrative and not in a li^tinc 
sense. ■ '* 

What i. c J clairac as invention is: 
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■ A ?hu "^^^^e : app^ritus for closing off a - ' 

' shunt defect. in the^ p^f ^|^a^the i ntravMcalar syste^ 
"comprising: - : -\/. " ^^ • " "■ - ' »' 

- mec hanical :^^^:«^M^- k : initLi aXie . ' 

■ substantially smaller Wf^e '^ameter ,pf the shunt.. defect to^ ^ 
be closed during its ^eli^nary ^handling and a final size sub- i 
stantially larger than toe diameter of 'the! shunt defect when it 
is positioned over and across the shunt defect to permanently 
close it off after beii^ ex^nded to: its larger size, said A 
expansion, means compr^^uai: set of : u*brella-like structures.: 
for placement, on oppositej^es .of; ;the. shunt defect, the umbrella- 
like structures having, ceiit^: hub means for connecting said . • 
dual set. of umbrella-like^uctures together through the shunt, 
each said umbrena-liKe^^s including a. series of relative 1- 
hard, strut-like, members emanating out from said central means • 
in at least a generally perpendicular / radial direction when said 
expansion means is in its; final size and in. at least a generally'' 
parallel, axial direction vhen said expansion means is in -its' 
initial size; and :>"* 

operative means /renovably .connected vith ^aid expansion • 
means for at. least temporarily, holding- the said expansion means oh 
to the shunt defect after a t least one of said umbrella-like strut 
. tures has been expanded, out to its final si7. { - 

2- The apparatus -of jciaia 1 wherein said umbrel^liJce 
structure comprises a series of supporting struts With flexible ' > 
material suspended between said struts, said structs beino 
-veably attached to a centrally located support element for move- 
ment fr.m-a closed position; to ah open position or vice-versa ' ■ " 



29 



3. lie apparatus c£pl^^:lS^i^ e ^"^j^-^^ & ^ G meai>s in- 
clines an obyuratbr wire tevi^?att for 

temporarily attaching said obbacator wire to csie of said trnhrella- 
35 He Ft met* j res. 

4 . The apparatus of Cte5m ;3>vtereiii said operative means 
further includes an outer catheter serving as a corduit for placing both 
said umbrella-like structures pirough the body adjacent to the shunt, 
said outer catheter having a diameter/ substantially greater than. said 
obturator wire, said one of said tffere^li^ being. trans- 
ported through said outer catheter means. o£ being abunted w the 
distal portion of said ohutrator wire and ^hing said obturator wire' 
with said one of said uiriarella-lite structures means thereon through said, 
outer catheter. 

5. The apparatus of Claim 1 tfierein win operative means in- 
cludes an obturator wire having attaching means at its distal end for tem- 
porary connection to one of said umbrella-lite structures and Av^rein said 
first one of said umbrella-like struci^res central hub having a con- 
nection means for temporary oorjiection to said cbturator vdre; and vhare- 
in said second umbrella-lite structure has a central sleeve which can 
slide over s^id obturator wire, said central hub and said central sleeve 
having leering means for locking them togeth-r in opposing fashion when 
on opposite sides of the shunt. 

6. . The apparatus of Claim 5 wherein said Jjccking means col- 
prises a male-female connection between said central hub and said central 
sleeve, the exterior of said connection means of said central hub forming - 
the male niember.and the interior of "said sleeve forming at least in irart.. 
the female orifice. 

7. The apparatus of Claim 6. 'wherein said male merrier i: eludes 
a projection of its mating surface and said female orifice includes an 




in3ej)tation : for iiir^fra^^^|^^^J^^ am'lccld^ fchei "ha> iri- 

sleeve . together i . L ->'^t©^" = " " " v - ' ; 

structures includes an extense of relatively fle*h>le rofcerial exuding be- 
. tv^en said strut-like ireibers to thSr^v.at JLeastJ sa^stert^lly close off 

. the spaces between Eadd stn»b-l ilii^W^^- J , - ' " -■>. . > 
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strut-like gaiters are node of resm^ffc'^teriai and ^siliently bear in- 

:: r : S ■ v cepjs^;^^ to ths sqnx^; [ , . 

10 The aj^>aa:ams oi Gj£oii X 
ciuae at their distal tips barbae ^tra^ting f rcc their umerside 
" iri a directicn at least generally Exg^^irtVtor ' thereto £<^ bearing asaixst". 
v . , the septxiu vfcen each of said ur^JIa-li^ "kretpres is served ta*Brd the 

:'' ' . . • septun.. . ' ..... ; _ % ' >. 1 £ -/ - " ... 

" ' Hi ;Tne n^t)x4 of-. ciosinioff a ,^ajnt defect ;in the sepk&i of- f*x : % 
eksrole the intravascular system coi^ising the following steps'* 

a) providing a snunt defect off the 

shunt defect ctzisarasing mechanical expailsi^.^e^ having an initial size 
- • s .. " : ^tetantiaUy sraller than the diameter, M the intravas^ilar shunt defect 
tO;be closed am a f inal size substantia^ 

s^nt .defect^ ../ 
: • close it off . after :i*in^f^ ■ 
. x f ■ . ccf^arisLng at ^ieast,one ubbcj^ita-jy^ side of ■ ■ 

the shunt, saiS iralreiia-lite a central hob, having a 

series of relatively hard, strutKlike fwedxstk emanating out iron said cen- 
tral nub in at least a generally carallei/ axial direc^n when said ex- 
pansion means is L-v its L'jitial'sAze^^ 



-v • r . .... . ■- . ... \ • . . * . .-. ..... • • : • : " - : 
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other and said -ru t - li5ce W^ rs:are .ade of resiiient Mteria l 
and r esiliently bear, inwardly ^fcowird the-opposing *el la -U ke 
. structure, thereby securing ^ oppo 3 i ng umbrella^ structures 
to the -septum. - : ;\~ . ; 

10, The apparatus of claim l wnere xn said strtlt . Uke aem T 
. bers include at their distai^ps barb-U* e znean s^na ting fro, ^ 

thexr underside x„ a direetiori a,;i e ast generaily peripolar > 
thereto for bearing against the septum when each of said umbrella- 
like structures is moved toward .the septum. \ 

11. The method of closing off a shunt defect in the sent* 
of for example the intravascular system comprising the follow^, 

• steps:, ■•■ • \ : .v* ^^^g^h^-'f^r.^'' ?V- ♦* "V v ' : ". ■ 

a) providing a shunt defect closure structure for closing 
Pff the shunt defect comprising mechancial expansion means' having 
an initial .size subs^ti £^1^ 

intravascular shunt, defect to be closed and a final size substanti 
larger than the diameter of the shunt defect for positioning over 
and across the shunt defect to, permanently, close it of f after ^ 
expanded to its larger size. ; said expansion means -comprising at" - 
.... . least one ™ b ^a-li*M^ 

v sard umbrem-li.ee structure -eluding a central hub havinc 

• a series of relatively hard ^strut-like members emanating out 
. • l fr °- S3id Central hUh . ^^^^^^^^l t ^i^A 

'i. ■ ■ direCti ° n When ' Sai *.^m^M. - its initial si 3 e and ^ 
a generally P-Pendiculargad^ 

V . •■.««"• i- > its' *-al sizgf^^ 

. . -ade.of a tissue co^patibf^^a^ich^an bei ehdo^eli,ii 2e d^ 

. : : . ' • . . : :lnto . the . seetum -;/^ 



10 

• • • 



, " ,;■?' ' ' '■ : ^iWS^SB^^^^'^' '"' 

15 Instructors being made of agssie^fce^^ ^ hcan te 
endothelial^ onto the septan ^ Native means associate with 
sarf expansion means for at least tar^iiV fcMing the said expan- 
sion means an to the shunt defect/ 

b) making an opening m tha body; 

size in p^ximity to ^ ^^0-^^^ 

3). .expanding said. ^S^^ki^^;^ ^ ■ ' ■ 

structure to its larger siz^e^^^^ [^- 1 ^ n ^ s; :'' 

e) permanently positioning aid Caching said umbreila-li:<e 
25 structure of said closure structure *ule in its larger size ok* and 

across the shunt, closing the shW; . ? 

f ) allying said umhrel3a-li^ : Rupture of said closure struc- 
ture to foecaae erdotheliali^, furtner closing off .the khxnt, and 

g) ultimately closing off saad opening; ^er^ the ^ ^ 
30 permanently closed by substantially ^inyasive or at least limited^" 

^asive techniques and. ^thout ^s^t^ ^^ q£ ^ ^ as 
practiced -in the prior art. . 

12. Tna method of Claim il^ein in step o» the opening in 
the body i, made by making a relat^ Wl/ minor incision to gain ab- 
cess to a vein or artery of the blood cixculatory systen; and v^ein in 
step «c« the introduction is made through said vein or artery. 

13. The method of Claim 11 therein in step "a", in provide said 
expansion means th*re is further incited the. providing of a sa*nd um- 
brella-like structure having the same clai^ futures as- the first u^ 
brella-like structure for placenent. on the. opposite side of the shunt 

3 * ******** stnx^and steps V through V inclu- 

sive are each repeated for said second Wella-like structure. • 
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14. the ^thcd of Claim 13 feein ii ^ « a " said operative 
««s are previa by presiding l«v^ a cross-se^io^I 
area s^Uer than the shunt ar^ ^obturator wire having a aia^ sub- 
stantially ssaller than said cuter'catL&r; an3 wherein in step "ij" the 
cepning i* the body is.^e by ^ actively ..all rfmc 'incision ! 
to.cain access to ^^^j^0^^^^^^.^^ 
duction iss«de through sud veto or artery and inclodss fte following 

i) insert^ said outer catheter through the incision into arxi 
through the vehv'artery uhtn its diisti ^i is ^ juxtaposition to the 
stent and, , for s^d first irfeei^^ s ^^ e , ^ ^ 
shant.iut, for the second u^eli^^ ^^, ^ on ^ 

proxisial sice of the shunt; ani . t'v v 

ii) rwing said ^fflteeQtori^:V^ x i c tui BS ; of ^ distai ^ 
of said outer catheter, ^.ij^'"/'.-' 

15. The netlrd of. Claim, If v&r^ ia step, "c" there is further 
included in sub-step "ii- the. stejs .'.of • ' ' . ' . 

attaching said first ipi^ii^Hte structure io the distal 
,«3 of saidobturator wire and inserting ihe obturator wire with sain 
first «torel2a-l.ite structure attaohai .thereto in its^.initial sixe into 
and through the outer catheter until said:first adxella-lik structure 
has emerged out of the distal end of said outer catheter ; . 

and wherein in steppe* the underside of said first unbrelis- 
ILke structure is pulled against the distal .side of the septaa, 

. 15. B» method of .Clai* iVwfaijcrin V**s, "a" in providing 
said second umbrella-lite structure, there is farther deluded the pro- 
vising of a central sleeve with a central orifice having a' aiaseter 
greater than said obtarator wire but. less than said outer catheter; and 
wherein in step "c" there is further included in su^step "ii" the 
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steps of : . •• '■■■: : :/: : ''ft?'yi:'t' \' : r ■" J;'"-'" . V- 

tore W er said dbb^ator y^^j^^: ^^^^ sfcru= . 

tore through said jaiter. citjh^^^ij^:^^ ^ ^ ^ ^ 
cond umfarella-lite stru^e l^l^^^tteiisfcal ad of said • 

outer catheter; '■*>,/; J. C:'-'" 

• • and ^ei« ir. step- "e»..^ 
li*e strubture is rushea agsdhsfc:^ ^feifeal sifle 6f .tKe septa*-. . 

17. Sfcejnethcd of Claim 16 >tereii, in st^ V additional epera- 
tive means are presided by providing a-jse^na, catheter having a 

<"*^ ^Uer than 
. dinal opening along its length of, a; dian^ larger than the oiaaater of 
3 said curator wire and being sli^e '.thereon end" having a tip afc its 
distal em; and wherein, in the step ^ot. said second «ribreHa-lifce 
structure, is mshed against the pcoxi^l side of the sate, by pushing 
the tip of said inner catheter against„the central sleeve ef said se- 
cond imhrella-like structure. ' 

18. Be method of Claim 17 wherein in step V the central hub 
of said first uwella-like sttucture is .provided with a centrally lo- 
cateri, locking nale manber, the center of which serves as the connecting 
neaps for attaching the central hua to the distal end of the obturator . 

5 wire; and vnarein, in the step "e". for said. secs3re us^la-iike struc- 
ture, said inr^r catheter is usa3 to' push the central sleeve of said 
second urbr^ la-like, structure so that its orifice, which then serves . 
also as a ferale seiber, is pushed into the locking nale ssnber of said . 
first uabreila-like structure, locking the .twoWella-lite structures 

10 together. 

19. Tne method of Clain 17 wherein in step "a" the strut-like, 
manners of said second wrbreiia-like structure are provided with a. set "• 
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' of •ele^ati^ struts hi^edly con^ctrf kt one ^ to str^tW 
^s at a point re^rf ^^rai sleeve arf at the other " 
^ to?Central3y ^^ng^el^^ ^ ^ 
^ thSSCeP ' a " fe ^ ^ *^^ ( ^ 

tc^a said elevating „^ ^ iWcatheter. ^ 

, »g said .elev* tino ^ ^ ^t^ite ^ avasy 

fron said central sleeve. 

20. Tne .ethoa oi^c^^^^.^ ^ . 
— ^ of said ^^^^ are:*^^ 

brelia-lite structures in s^gd UtUi ' : " 1 ' ' - 

^. ; a ^y nenergff frcni said cuter 

.catheter. ''V^Vi.:'^ ' ; 

21. A shunt defect closure a^atus for closing off a shunt 
defeat inthe sap^of -te^.^*^^^ , 

,WfJ<4 ' ^ f* tl^shunt. defect to be closed duri^^ts ' 

^ f- 3 ^^e^stantially l^er than the dia- 
ler of the shunt defect ^ it ,4s Wtio^ over ? w ^ ^ 
oefeot to gently close it of f after bei~ expanded to its iarce, 

S "" e ' ^™ at; least one W^ift. struc- 

ture for placet on one side of ^ struct ^ 

navino central -huh ,-neans of at least, a nally cylin^ shaBe ?c . 
naving pressure applied to it along its ^itudinal axis for fcrci* 
t* distal end portions of €te underside of said onbrella-iite stru-^e 
against the to at l^st partially ^ ^ ^ ^ 

Wk. structure b,ing of 3 ferial that vkl be e^theliali^ ^ 
sept*,, the ^in ^ ace of ^ - ^ ^ 

S12C 2asst ^^ntially persMW'aM radial to ^ ' 
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•I'?'" - . '■" ^iafco of .siid 

. : . o^trai axis of the shunt. " ■ - >\ -~ { , ,. • 

; . ; flatly ecsnating cut f^^ e^ed central Win a di- 

^ -**t*^l*. inciuii^ e^anatWin . di, 

ration at least gsrt£raU y p^^^reto, said^ senn as . 
"• said rearing Tasens. - ' ... ' ' ^ " -vf 

^ 3SparatUS 21 Kterein said 

.tee i^udes an expar.se of relati^ly nexib^ naterial e*«dfc* W - 

the spaces betweoi <aid strjtf 1 
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. . ' .25, n, apparatus of CW2I ^ein ^ nfflters .. 

of resist ^ 'a,,^^ tc.ard the ' 

• sepuxn ^.the .« te *u,- J j ta stru^re ^ in its f%l si^ r thereby 
tne ^el^-axe structure to' seotua. - 
.26, A . shunt defect; clb^^eSpi clc*fto£f :a shunt' de- 
. f ect m the septun, of for example the .ntravasc-oiar system ttapcl*^, 

mecnanacal e^nsioo i^fa^^ ^ ..a^j^ 

- Her than. the ater of the^^to W c^ a^:^^. 
l^hanaii^*.^ 
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of the shunt defect vto.iti|^^ a^d across the to. de- . 
feet to partly clc^:^;«^|^ ^^^^ ^ its ^ ^ 
said expansion means ocznnrising ,0 least one expansion structure being 
of a natenal tJiat be eoSothelaalized onto the septan ana having an 
extended, main body with a facing side for contact^ the seoten sur- 
face around the shunt am being ext^Sed at least in part in a direc- 
tion at least generally paraiael to the sept^. surface,- ajd extenied cen- 
tral hub means centrally ta^^^Syi^ ^ extm£ ^ 
in a direction at least generally parpe^cular to the sepfara surface for 
having pressure applied to it alor^ ^^e^teMed direction for . forcing 
the distal, end portions, of the facing side of said expansion structure 
against the septum to at least partially close the shunt, the facing side 
of said expansion structure having on its distal portions anchoring seans 
for anchoring said expansion structure to the septan Khan said expansion 
structure is forced against the septan; J said anchoring means cenprising 
projections extending at least partially ^ a direction parallel to said, 
extended central means and hence parallel to the central axis of the 
shunt and perpendicular to the septan surface. 

27. The apparatus of Claim 26 therein said expansion structure is 
an umbrella-life structure having a series of relatively harc strut-like 
matters radially aranating from said extendi central means, aM having 
projections at their distal ends, said projections being tarb-like struc- 
tures emanating in a direction at least generally perpendicular to the 
enanating direction of said strut-like markers. 

28. Ihe apparatus of Claim 27 wherein said umbrella-lite strjc- 
tare includes an expanse of relatively flexible material extending be- 
tween aid strut-like '«a*rs to thereby at least substantially close off 
the spaces hetwees,--. '.:d strut-like manbers. 

2?.. V:,: ,i-utus of Claim 27. vhereih said strut-like members 
are made of r t s. :>>nt material and re^iliently bear inwardly tovard the 
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septm vhen the ^n a ^ ft? ^^^ ^^ e / t ^ ^ 
curing the umhreUa-liJce stra^^'^^^^y^ , 

30. The methcd of cluing Jg* ^ia^.^tal defect in the 
^travascular ^stan caapri^ 

a) providing a ventric^-^^efos: closes structure for : 
closing off the ventricular -^defect Rising michanical expan- 
sion means having an initial size substantial^ sailer than the dia- 
n»eter of the intravascular shuntidefe^:^ be clos^ a final size 
substantially larger than the dia^^. the septal defect for posi- . 
tinning over and across the seotai defect to. permanently close it off 
after being expanJed to its larger sad expansion ^ being 

•reoe of a tissue compatible materiai which can be endothelialized Into 
the septum; and operative means assorted with said expansion means f or 
at least temporarily holding the said expansion means on to the defect, 
said operative means including ah obturator wire having attaching means " 
at its distal end for temporarily a^aching said obturator wire to said 
15 expansion means; 

b) making a relatively, snan.minsr incision or opening in the 
body and into a vein having access to the ventxicle vith the defect: 

c) introducing the obturator wire with said closure structure 

. .. attached to its distal end while in its .snaller size into said opening 
20 and through the septal defect; 

d) expanding said expansion means of said closure structure to 
its larger size;. 

e) using said obturator wire to position and attach said ex- 
pansion means of said closure structure while in its larger size ever 

* arc caress the far side of the septal, defect, closing the septal defect 

f ) closing off said opening in the body with said obturator 
wire still attached to said expansion means; 
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9) aHowiri^^sffj^^^ibnf means "of . said ; closure • 
structure to become endothelial^ over a substantial period 
of time ,-. further closi^jof f^^tal defect; ' 

,- '. h) reopening ^;^ n ^g : i„ sard body and removing ; 

said obturator wire; and : , ; • 

i) permanently closing off said opening ; -vhereby 
the shunt is permanently^^ s^tantiallynoh- invasive 
or at least linutedly eva^iy^^nAques. v and without the sub- 
stantial suturing .of the stont^s: practiced in the prior art.. 

31. The method of Cliiia .29 wherein in step °b" the 
vein - used for the opening is the external or internal jugular 
vein and the incision is. mad^; in tifie neck 




• 32 * A ^ defect clo^re'afparauas for closing off a shunt de- 
feet in the s^ of '^^^^sc^^^ V 

^ier tha. the diameter of the ^ defect to be closed during its 
preliminary handling and a «|l| 2e ^ ^ ^ ^_ 

meter of the shunt *^^&£^%n*^ .over .and across' the 
shunt defect to permanently close it off after being expeniai to its 
larger .size, sod expansion means .coSprising a - dual set of umhrella- 
lite structures for plac^ifanlo^sife .sides of .thV ahunt defect, the 
uaprella-lite structures havii^;^^ ^^^^ ^ 

dual set of uabrella-lite structures ^ether through the shunt, each 
ssod umbreUa-lite structures, ^nc^ a series of relatively hard, 
strut-lite members emanating .oii f^ ^ central means at least " 
a generally perpendicuiar, radial, d^tion «hen said expansion lins . 
is in its final, size and in at .ie^^a generally parallel, axial direc- 
tion vAan said expansion \-ampe^%i.^ initial size said umbrella- 
lite structures being provided; 4th resilient, flexible means for auto- 
matically expanding said odare^^^tures fran their initial 
sizes to their final sizes «hen said umbrella-lite structures are. under, 
no radial restraint; and 

... operative means raovably .corinectai with said expansion means 
for at least terporarily holding the said, expansion means on to the. . 
shunt defect after at least one of said umbrella-lite structures has 
been expanded out to its final size. 

. 33. The apparatus of ClaM 35 therein said umbreiia-lite. strac- ; 
ture comprises a series of suhx^.s^.^ ' flsxjble - ^^ia! 
suspended between said struts, said, struts being moveable attached 
to a centrally located support, elan^t for movsnent from a closed 
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. position^to-an'6pa, Positii^'j^^^^^^ - - , ' ! ■ ■ 

• 34. The appar^plll^^ stxuts^e . 

thsKselvas rrade of_resilienf. ^fle^ie ntoW: tfed, ,^ — . 



35. The apparatus of.Clkim jb^in sdd^t, 

said supporting struts but is attached fcKr^to.'' ' : 

36; The of closWoS a 'ft^ iept^ .of '. far' 



: a) providing a shunt defect ensure structure for closing off the 
shunt defect comprising nechaMeaT^pa^ioa 'fens having an, initial 
size substantially waller than the %ia^ of the intravascular sh«t . 
defect to be closed and a final sise a&sfeantualiy larger than the. dia-\ 
meter of. tte shunt defect for. posj^ing across tte stent de- • 

feet to permanently close it c&a^j^efe^ to its ^ ^ 
said expansion .^as arising at.l^.ons u&jeiSa-liJce structure for 
placement on. tte sade of tte ^rella-lifce str^W incluiing 

rsabers erknating out fran sak cen^ hub ^ at least a generally paral- 
lel, axial direction when said a^sioa nfians is in its initial size and 
a- generally perpendicular, redirection «ten said fi^nsiai is 
in its final size/ sajd irnbrella^ Jt^^ inching recent, flex- 
ile neans for automatically- exposing, said uabrella-lixe sts^cture is • " 
under no raaial restraint. said,uhbral.U-liKe^ structure beLny sme of « 
tissue corssuhle material vhich can te endothelialirai into the seotui; 
•wd operative means associated >lth 'said elision -means for at least 
;-«5>qrariiy holding the said apansion -,neans on to the skint defect; - 
- v.b) making m-^eiixhg;jii<^~b^j : /['\'..y ' ' v > 

V-„ '* C J 1 ««™*cing said closure 'i^K^''^t:&'sts f '^ll^'^' 
•-aiSer radial restraint in P^^j^ 1 -.. 
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of said opening; •■ :?;V^ •-• "S ' '0* 

d) : expar^ire sa^ i^ stric- 
ture to its larger size by 'stttaina^^ said sfctat-Iijee 
nectars eliniiia^ 

e) ' peanahently pcsi£icx^v^ at^zxhin? kaia. u^ella-iifce strec- 
ture of said closure s^^;^a^ in its larser .''sue over and across 
the shunt, closing' the /shunt; ; ^\ \' 

f) allowing said unta^ 

ture to beoccis e^otr^ialized, nxrt&r closing \ok tie shunt; and 

g) ultimately closing off saifiopening; hereby the. slant is per- 
mariently closed by substantially n^r^sive or at least limitedly eva- 
sive or. at least lindtedly evasi\^. tec^ques and without the substantial 
sutur ing of the shunt as practice in the prior art. 

37. The method of Claim 36 \v4ierein in step -a" . said operatic 
means includes an outer catheter having a storage capsule section at. its 
distal end, and vfrerein "in step "c" said closure structure is introduced 
while stored in said storage capsule, the walls of said storage capsule 
providing said radial restraint. / 

38. The method of Claim 37 therein in step "a M in providing said 
expansion means there is further included the providing of a second 
UTrfeella-lxke structure having the , sane claimed features as the first 
unfarella-lijie structure, for placement on the opposite side of the shunt 
from said first umhrella -like structure and steps "c" through n d w axe 
each done for said second umbrella-lite structure. 

o'^od this <=3&~ dav o f } ^yt^A >; \o7§ . 

i certify that this and the preceding page? are a tree 
and ex act copy of pages t:,?* - «/^ 0 * ^ 

specification originally lodged. ■ 
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